Abstract -Load compensators utilizing the principle of STATCOM are becoming more and more popular. Among the direct and indirect current control techniques, direct current control techniques are more popular as they offer better transient response and higher current control bandwidth. However, the aforementioned techniques require the service of a PLL to generate the current reference template. Presence of the PLL reduces the robustness of the controller. Although schemes based on instantaneous reactive power theory do not require the service of a PLL, they fail to perform if the utility voltages are distorted and/or unbalanced. As a result schemes based on one-cycle control are becoming more and more popular [9]-[10]. These schemes do not require the service of reference current template and hence the PLL which makes them robust so far as the presence of distortions in the utility voltages are concerned. However, these schemes give rise to instability problem in current control if the real component of the load current falls below a certain level or if the nature of the load is regenerative. In this paper a modified one-cycle controlled load compensator is proposed which significantly improves the stability margin of its operation so that it can negotiate loads having low real current component as well as regenerative loads. The compensator has been developed for both single phase as well as three phase applications. The viability of the scheme is ascertained through detailed simulation studies.
I. INTRODUCTION
Over the years there has been a continuous proliferation of nonlinear type of loads due to the intensive use of power electronic control in all branches of industry as well as by the general consumers of electric energy. As a result, the utility supplying these loads has to provide large reactive volt-amperes. Also, it gets polluted by the harmonics generated by the load. The punitive tariffs levied by utilities against excessive vars and the threat of stricter harmonic standards have led to extensive research in the field of load compensation. The basic requirements of the compensation process involve precise and continuous reactive volt-ampere control with fast response time, avoidance of resonances created by peripheral low frequency current sources, and the on-line elimination of the effect of the load harmonics. To satisfy the above criteria, the traditional methods of compensation consisting of switched capacitor of fixed capacitor and phase controlled reactor coupled with passive filters have been increasingly replaced by converter based new approaches known as STATCOM [1] . The dc to ac converter of the STATCOM can be either manipulated as a controlled current source or as a controlled PWM voltage source. Operation of the converter as a controlled PWM voltage source is not preferred for applications involving load compensation. This is due to the fact that such schemes based on indirect current control technique have a poor transient response [2] - [3] . Therefore for these applications the dc to ac converter of the STATCOM is manipulated as a controlled current source. Typical control methods are linear current control, digital dead-beat control and hysteresis current control [4] - [6] . However, in all the aforementioned cases the service of a PLL is required either to generate the required current template or to synchronize the PWM voltage waveform with that of the utility. Presence of the PLL reduces the robustness of the controller. Although schemes based on instantaneous reactive power theory [7] do not require the service of a PLL, but then they fail to perform if the utility voltages are distorted and/or unbalanced [8] . In view of this, schemes based on one-cycle control which do not require the service of PLL and hence the reference current template, are becoming more and more popular [9] - [10] . In these schemes, the semiconductor devices are operated with a constant switching frequency, which is an added attraction to employ them for medium and high power applications. Moreover, as this one-cycle control scheme is basically a controlled current scheme, but with constant switching frequency, the harmonic spectrum of the current is superior compared to that of the PWM voltage controlled schemes. However, schemes based on one-cycle control may exhibit instability in operation. This may happen if the real component of the load falls below a certain magnitude or if the type of the load is regenerative. In this paper a modified one-cycle controlled load compensator is proposed. The proposed technique exhibits enhanced stability margin of operation while negotiating loads having low real current component as well as regenerative loads. Detailed simulation studies are carried out to ascertain the viability and effectiveness of the modified technique for both single phase and three phase applications. 
II. ONE-CYCLE CONTROLLED LOAD COMPENSATOR
The single phase load compensator proposed in [9] is shown in Figure 1 . The duty ratio of the converter switches are varied within a power cycle in such a way so that the combination of the load and the compensator pose themselves as a resistive load connected at the point of common coupling. This is achieved by keeping, where, T i is integrating time constant of integrator-1 and T s is the time period of the clock pulses. It should be noted that the switching frequency of the semiconductor devices would be same as that of the clock frequency. The beauty of the scheme lies in the fact that the controller requires informations of the source current and the dc link voltage only. No informations regarding the magnitude, frequency or the zero crossing instants of the source voltage are necessary. The principle of operation of this technique is discussed in detail in [9] , for the sake of brevity, however, it has not been repeated here.
III. ISSUE OF STABILITY
It has been shown in [9] that one-cycle controlled load compensator would experience problem of instability if the real component of the load current falls below a limiting value. Analytically it has been shown in the aforementioned article that if, the system will be stable. Here, L f is the filter inductance associated with the STATCOM, T i is time constant of the one-cycle integrator-1, v s(peak) is the amplitude of the source voltage and v m is the output of the PI controller. In effect, v m represents the level of the real component of the load. As L f and T i are constants, the system would come out of stable operation if the real component of the load falls so that v m fails to satisfy the inequality depicted in (1). Therefore, for applications where the real component of load current falls below this limiting value, the compensator operation will become unstable. In order to demonstrate this phenomenon, the compensating system shown in Figure 1 is numerically simulated. Actually, a slight modification to get rid of the dc component of the compensated utility current is incorporated in the basic one-cycle controlled compensator as suggested in [9] . However, for sake of brevity it is not being elaborated over here. It will be discussed in the final version of the paper. The load is considered to be a parallel combination of resistance of magnitude, 100Ω and an inductive reactance of magnitude 9Ω. The utility is considered to be a 230V, 50Hz system having a short circuit impedance of (5+j3.14)X10 -3 Ω. The filter inductor of the compensator is taken as 0.5mH along with a series resistance component of 0.5Ω to account for the losses of the compensator. The switching frequency is chosen as 10KHz. The reference dc link voltage is maintained at 600V. The response of the system is shown in Figure 2 .It can be noted from Figure 2 , that the source current has become uncontrollable as the amplitude of the triangular wave, v m has become negative. Moreover, the system has not attained steady state of operation so far as the source current is concerned.
IV ENHANCEMENT OF STABILITY
It has been shown that instability occurs as the magnitude of v m falls below the level stipulated by the inequality of (2). This happens as the sensed source current fails to intersect properly with the triangular waveform whose amplitude is v m . Therefore if some how the magnitude of v m is increased for the same real component of load current, the problem of instability can be overcome. In order to increase the magnitude of v m and hence to increase the stability margin, a resistive load is mimicked to be connected in parallel to the compensator along with the actual load as shown in Figure 3 .
The voltage at the point of common coupling, v p is sensed and is passed through an amplifier having a gain of 1/R f . This implies that the output of the amplifier represents the current which would have been drawn from the utility if an additional load in form of a resistance of value, R f were connected. This fictitious current, i rf is added with the actual source current and is fed to the comparator. It should be noted that i rf has the same phase as that of the source current, i s . Therefore the effective current, i eff which is compared with the saw tooth waveform for modulating the duty cycle, is of higher magnitude than the actual source current. As a result there is no intersection failure which is the cause for instability. Due to the inclusion of this fictitious real component of current, steady state is attained at a higher value of v m for the same real component of load current. Simulation studies are carried out with the modified onecycle controlled load compensator while compensating the same load i.e. a parallel combination of a resistive load of magnitude, 100Ω and an inductive reactance of magnitude, 9Ω. Modification to get rid of the dc component of the compensated utility current is incorporated in the basic one-cycle controlled compensator as suggested in [9] . The value of R f is chosen to be 5. All other parameters of the system is kept the same as that of the earlier case. The response of the system is shown in Figure 4 . It can be noted that the steady state has reached and the source current is almost sinusoidal containing only high order harmonics centred around the switching frequency. The presence of the parameter, R f has increased the level of v m as can be seen from Figure 4 (c). Although the voltage at the point of common coupling, v p contains lot of harmonic distortions as shown in Figure 4(d) , the operation of the controller is not affected by it. This implies that even though the instantaneous voltage at the point of common coupling has to be sensed to improve the current controllability at low loads, the compensator operation is not getting affected by the significant amount of distortions that are present in the sensed voltage.
V NEGOTIATING REGENERATIVE LOAD
In the basic one-cycle controlled compensator the source current , i s is made to remain proportional to the utility voltage, v p. Now if the same compensator is required to negotiate a regenerative load, -i s has to be made proportional to the utility voltage. Merely reversing the polarity of the sensed i s will not help. This can be explained in the following way. Suppose the sensed dc link voltage is lower than the reference value. The positive error thus generated would increase v m and hence the amplitude of the 180 0 out of phase source current. Therefore the system is now feeding back more power than that supplied by the load. As a result the dc link voltage will fall and the system will collapse. The modified one-cycle controlled compensator can negotiate regenerative loads without changing the system configuration. The value of R f should be chosen so that the amplitude of i rf is higher than the amplitude of the 180 0 out of phase current component of the load. If this is ensured then i eff will be controlled to remain proportional to the utility voltage. At the same time dc link voltage can be controlled. This can be explained in the following way. Suppose the sensed dc link voltage is lower than the reference value. The positive error thus generated would increase v m and hence the amplitude of i eff . Increment in amplitude of i eff , means there is a decrement in amplitude of i s . This is due to i s being 180 0 out of phase to that of i eff . This means the system is now feeding back less power than that supplied by the load and as result the dc link voltage increases. The system shown in Figure 3 is simulated with the load being replaced by a single phase fully controlled thyristor bridge operating with a firing angle of 150 0 and feeding a series combination of resistance of 2Ω, a dc source of -300V and an inductance of 100mH. In effect the thyristor bridge is supplying energy from the dc source to the ac utility. The source impedance is taken to be 5%. The reference dc link voltage for the compensator is maintained at 600V. The switching frequency is chosen to be 10kHz. The value of the dc link capacitor is taken as 2000µF. The response of the system is shown in Figure 5 . It can be seen from Figure 5 (a) that the source current is lagging the voltage at the point of common coupling by 180 0 . It can be noted that due to the presence of the feed forward gain, R f , i eff is in phase with v p and at the same time v m is positive.
MODIFIED THREE PHASE COMPENSATOR
The three phase one-cycle controlled load compensator propsed in [10] can be modified in the same fashion as is done in the single phase case. The schematic block diagram of the three phase load compensator is shown in Figure 6 . In order to introduce the feed forward current component in the controller, the neutral point of the system is required to be available to determine the respective phase to neutral voltages. This can be done either by involving a neutral emulating circuit or by calculating the phase voltages from the line to line voltages. The system shown in Figure 6 , having source impedance of 5% is simulated. The load considered is a three phase fully controlled thyristor bridge feeding a series combination of a resistance of 3.5Ω and inductance of 600mH and a dc source having a magnitude of -800V. The bridge is operated with a firing angle of 150 0 . The reference dc link voltage is maintained at 1000V. The value for the dc link capacitor is taken as 800µF. The switching frequency is maintained at 10kHz. The response of the system is shown in Figure 7 . It can be seen from Figure 7 (a) that the phase a source current lags the respective voltage at 
VIII. CONCLUSION
The issue of reduced stability margin in case of PLL less one-cycle controlled load compensator has been demonstrated. A modification in the basic one-cycle controller is proposed so that the stability margin can be considerably improved for the same real component of the load current as well as for regenerative type of loads. In order to achieve this, a current gain is introduced in the controller, which emulates an increment in the real component of the load current. As a result, for the same magnitude of the actual real component of the load current the level of v m increases. Increment in the level of v m implies that the available zone of intersection between the emulated source current and the corresponding triangular wave has increased. And this results in better stability margin. The viability of the single phase as well as three phase modified one-cycle controlled load compensator has been demonstrated through detailed simulation studies.
